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57 ABSTRACT 
A levelling apparatus utilizes a control system for ob 
taining the average plane of an object placed on a 
mounting member from the coordinates of at least three 
points in a specified area of the object including points 
which are not on the same straight line and for instruct 
ing supporting system for supporting the mounting 
member to control the average plane so as to have the 
desired attitude. In this way, three-dimensional attitude 
control of the object is enabled. 

5 Claims, 13 Drawing Sheets 
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1. 

LEVELLING METHOD AND APPARATUS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a levelling method 

and apparatus and, more particularly, to the improve 
ment in a levelling method and apparatus for levelling 
an object of which the surface shape or surface rough 
ness is to be measured. 

2. The Related Art 
Levelling apparatuses for controlling an object 

which is placed on a mounting member so as to have the 
desired attitude are known and they are generally used 
to place an object of measurement, a work, etc. on the 
mounting members of a surface roughness tester, a 
three-dimensional measuring apparatus and various 
working machines. 

In the case of a surface roughness tester, for example, 
if the measuring plane is inclined, the base line is in 
clined in the result of measurement, as shown in FIG. 15 
(A), which is unsuitable for obtaining the data on the 
surface roughness. Furthermore, if a measurable allow 
ance must be set at a wide range in the case as shown in 
FIG. 15(A), the discrimination of the measurement is 
impaired. It is therefore necessary to adjust the mount 
ing attitude so as to level in the direction of scanning by 
the probe (see FIG. 15(B)). 

In the case of outputting the surface roughness three 
dimensionally by measuring it several times by feeding 
the probe little by little in the direction orthogonal to 
the direction of scanning by the probe, the levelling in 
the direction orthogonal to the direction of scanning 
constitutes a very important precondition. 

In a conventional levelling apparatus, however, the 
levelling only in one direction is automatized, and no 
levelling apparatus which is capable of automatic three 
dimensional attitude control of an object placed on a 
mounting member has ever been produced. 
As a result, the three-dimensional attitude of an ob 

ject placed on the mounting member must be adjusted 
manually, which takes much labor and time. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to eliminate the above-described problems in the related 
art and to provide a levelling apparatus which is capa 
ble of three-dimensional attitude control of an object 
which is placed on a mounting member. 
To achieve this aim, the present invention provides a 

levelling apparatus comprising: a mounting member for 
mounting an object thereon; a supporting means for 
supporting the mounting member in such a manner as to 
have a variable inclination with respect to a base; and a 
control means for obtaining the average plane of the 
surface of the object placed on the mounting member 
from the coordinates of at least three points in a speci 
fied area of the object which are not on the same 
straight line and for instructing the supporting means to 
control the average plane so as to have the desired 
attitude. 
The supporting means is disposed between the base 

and the mounting member and includes three support 
ing portions which are not on the same straight line. It 
is preferable that a first supporting portion supports the 
base and the mounting member with a substantially 
constant space therebetween and the mounting member 
is allowed only spacial rotation without rotation around 
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2 
an axis which is vertical to the base and that second and 
third supporting portions support the base and the 
mounting member with a variable space therebetween. 

It is also preferable that the second and third support 
ing portions are disposed at the vertices of the base of an 
isosceles triangle with the first supporting portion as the 
apex, and that the control means obtains the displace 
ment AZ of the space between the base and the mount 
ing member at the second supporting portion and the 
displacement AZ of the space between the base and the 
mounting member at the third supporting portion from 
the following equations: 

wherein (A, u, v) represents the direction cosine vector 
of the average plane of the object placed on the mount 
ing member, xo the distance of the perpendicular be 
tween the first supporting portion and the straight line 
connecting the second and third supporting portions, 
and yo half the distance between the second supporting 
portion and the third supporting portion. 

It is preferable that the first supporting portion of the 
supporting means is provided with two pairs of balls 
which rotate around the respective axes which do not 
coincide with the line conducting two portions for sup 
porting the base and the mounting member and which 
are orthogonal to each other. 

It is also preferable that the first supporting portion of 
the supporting means is provided with a pair of axial 
bodies which rotate around the respective axes which 
do not coincide with the line connecting two portions 
for supporting the base and the mounting member and 
which are orthogonal to each other. 
The present invention also provides a levelling 

method comprising an average plane detecting step and 
a position controlling step. In the average plane detect 
ing step, the average plane of the object placed on the 
mounting member is detected. In a position regulating 
step, supporting means for supporting the object placed 
on the mounting member is preferably so controlled 
that the direction cosine vector of the average surface is 
coincident with the desired cosine vector. 
The above and other objects, features and advantages 

of the present invention will become clear from the 
following description of the preferred embodiments 
thereof, taken in conjunction with the accompanying 
drawings. - 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a perspective view of the external appear 
ance of a surface roughness tester to which a first em 
bodiment of a levelling apparatus according to the pres 
ent invention is applied; 
FIG. 2 is a perspective view of the external appear 

ance of the levelling apparatus shown in FIG. 1; 
FIGS. 3(A) and 3(B) are explanatory views of the 

concept of the attitude control mechanism of a levelling 
apparatus according to the present invention; 
FIG. 4 shows the arrangement of the three support 

ing portions of the levelling apparatus shown in FIG. 2; 
FIGS. 5 and 6 are explanatory views of the object 

placed on the mounting member in the state of the atti 
tude thereof being controlled; 
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FIG. 7 is a plan view of the levelling apparatus shown 
in FIG. 2 with the mounting member removed there 
from; 
FIG. 8 is an exploded perspective view of the main 

part of the first supporting portion of the levelling appa 
ratus shown in FIG. 2; 
FIG. 9 is a sectional view of the levelling apparatus 

shown in FIG. 2, taken along the line I-I; 
FIG. 10 is a side elevational view of the levelling 

apparatus shown in FIG. 2; 
FIG. 11 is an explanatory view of the control means 

of the levelling apparatus shown in FIG. 2; 
FIGS. 12 to 14 are explanatory views of the first 

supporting portion used in a second embodiment of a 
levelling apparatus according to the present invention; 
and 
FIGS. 15a and 15b explains the necessity of the three 

dimensional attitude control in a surface roughness 
tester. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Preferred embodiments of the present invention will 
be explained hereinunder with reference to the accom 
panying drawings. 
FIG. 1 is a perspective view of the external appear 

ance of a surface roughness tester to which a first em 
bodiment of a levelling apparatus according to the pres 
ent invention is applied. 
A surface roughness tester 1 shown in FIG. 1 is com 

posed of a base 2, a support 3 erected on the base 2, an 
arm 4 vertically (in the direction of Z) slidably provided 
on the support 3, a detector 5 provided on the arm 4 in 
such a manner as to be slidable in the direction of X, and 
a slider 6 for supporting an object of measurement in 
such a manner as to be slidable in the direction of Y. 
A levelling apparatus 7 as a first embodiment of the 

present invention is placed on the slider 6. 
The levelling apparatus 7 three-dimensionally levels 

an object 8 of measurement placed on the levelling 
apparatus 7. The slider 6 together with the levelling 
apparatus 7 sets the position of the object 8 in the direc 
tion of Y, and the position of the arm 4 in the direction 
of Z is adjusted, thereby positioning the detector 5 in 
the measuring plane of the object 8. By scanning the 
measuring plane of the object 8 in the direction of X by 
the detector 5, the output of the surface roughness of 
the object 8 is obtained three-dimensionally. 
FIG. 2 is a perspective view of the external appear 

ance of the levelling apparatus 7 of this embodiment. As 
is obvious from FIG. 2, the levelling apparatus 7 is 
composed of a base 9, a mounting member 10, and a 
supporting means 11 disposed between the base 9 and 
the mounting member 10. 
The supporting means is composed of three support 

ing portions 12, 13 and 14. By vertically moving the 
positions at which the mounting member 10 is sup 
ported by the supporting members 13, 14, the three-di 
mensional attitude of the mounting member 10 with 
respect to the base 9 is varied as desired. 
FIGS. 3(A) and 3(B) schematically show the three 

dimensional attitude control of the object 8 of measure 
ment by the levelling apparatus 7 shown in FIG. 2. 
As shown in FIG. 3(A), when the object 8 of mea 

surement having a three-dimensional inclination is 
placed on the mounting member 10, the coordinate axes 
of the object 8 in the measuring plane with respect to 
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4. 
the standard coordinate axis is represented by the one 
dot chain line Z, respectively. 

In the present invention, the three-dimensional atti 
tude of the mounting member 10 is changed in accor 
dance with the information on the measuring plane of 
the object 8 of measurement so that the coordinate axis 
Zagrees with the standard coordinate axis Z, as shown 
in FIG. 3(B). 
The three-dimensional levelling of the object 8 of 

measurement is substantially enabled by making the Z 
axis coincident with the Z axis. 

In this embodiment, the supporting means 11 is dis 
posed as shown in FIG. 4. 
FIG. 4 is a plan view of the levelling apparatus 7 of 

this embodiment with the mounting member 10 re 
moved therefron. The supporting portion 12 supports 
the mounting member 10 at the point 0 in such a manner 
as to allow only the spatial rotation without rotation 
around the axis Z, and the supporting portions 13, 14 
supports the mounting member 10 in such a manner as 
to allow only the vertical movement (in the direction of 
Z) independently of each other. 

It is therefore possible to adjust the levelling of the 
mounting member 10 around the axis Y and around the 
axis X by vertically moving the points P and Q of the 
supporting portions 13 and 14, respectively, as shown in 
FIGS. 5 and 6, respectively. 
More specifically, an average plane which is assumed 

on the surface of the object 8 of measurement is ob 
tained from the coordinates of not less than three points 
(X, Y, Z) of the object 8 which are not on the same 
straight line. The average plane is represented by Z= a 
bX-cY. The coefficients band c are obtained from the 
coordinates X, Y and Z by a least square method. From 
these coefficients, and of the normal unit vector compo 
nents of the average surface in the direction of X, Y and 
Z are obtained in accordance with the following equa 
tions: 

A = (b2+ c + 1) 

= -Fe 
l (b2+ c2 + 1) 

Making the average plane perpendicular to the Z-axis 
is equivalent to changing the direction cosine vector of 
the average surface of the object 8 into (0, 0, 1). If it is 
assumed that the cosine vector of the mounting member 
10 in the direction of the surface is (No, lo, vo), in the 
case of realizing this change by moving the two points 
P and Q of the supporting portions 13 and 14 in the 
direction of Z, the displacements AZ and AZ at the 
respective points are obtained from the following equa 
tions: 

v2. voA + Mo(1 - v) 
T (1 - ?) 

-- (Moa + 0 + Vov - vo)lo - i. 
0 (1 - lo) JO 

voa - Ao(1 - v) 
AZ = 

g (1 - lo) 

(AoA + 0 + vov - Vo)0 - i. 
x + - - -. (1 - plo) 
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-continued 

whereinxo represents the distance of the X-axis between 
the point O to the middle point of the given straight line 
PQ, and yo represents the distance between the middle 
point to the point P or Q (see FIGS. 4 to 6). 

However, since it is generally difficult to grasp A, u, 
vo), if the angle between (0, 0, 1) and (No Lo, vo) is 
sufficiently small (e.g., not more than 2 degrees), AZ 
and AZ may be expressed by the following formulas on 
the assumption that (0, 0, vo)ast(0, 0, 1) without any 
problem in practical use: 

AZataxo-uro 

Azataxo-Flo 

Accordingly, it is possible to calculate the displace 
ments AZ and AZ of the supporting points P and Q, 
respectively, in the direction of Z from the Values 8 and 

which have been actually measured in preparatory 
measurement so as to obtain the average plane of the 
object 8 of measurement. 
As described above, according to the levelling appa 

ratus of this embodiment, automatic three-dimensional 
attitude control (three-dimensional levelling) is enabled 
by obtaining the average plane of the object 8 of mea 
surement by preparatory measurement, and adjusting 
the heights of the supporting portions 13, 14 so that the 
direction cosine vector (A, u, v) of the average plane is 
changed into 0, 0, 1). 
The supporting means of the levelling apparatus of 

this embodiment will now be explained in detail with 
reference to FIGS. 7 to 10. 
FIG. 7 shows the levelling apparatus 7 of this em 

bodiment with the mounting member 10 removed there 
from. In FIG. 7, the supporting means 11 is composed 
of the three supporting portions 12, 13 and 14 and sup 
ports the mounting member 10 in the desired attitude 
with respect to the base 9. 
FIG. 8 shows an exploded perspective view of the 

main part of the first supporting portion 12. As is obvi 
ous from FIG. 8, the first supporting portion 12 is com 
posed of a rotary member 20 consisting of two rods 
having the same shape and orthogonal to each other, 
supporting members 21, 22 for supporting the rotary 
member 20 so as to be rotatable in the direction indi 
cated by the arrow A, and supporting members 23, 24 
for supporting the rotary member 20 so as to be rotat 
able in the direction indicated by the arrow B. The 
supporting members 21, 22 are fixed to the under sur 
face of the mounting member 10 by screws and the 
supporting members 23, 24 are fixed to the upper sur 
face of the base 9 by screws. In this manner, the first 
supporting portion 12 supports the mounting member 
10 with respect to the base 9 while keeping a constant 
space therebetween. The supporting members 21, 22, 23 
and 24 are provided with holes 25, 26, 27 and 28, respec 
tively, for rotatably supporting the rotary member 20. 
The second and third supporting portions 13, 14 have 

an approximately similar structure. The details thereof 
will be explained with reference to a sectional view and 
a side elevational view thereof shown in FIGS. 9 and 
10, respectively. 
The second supporting portion 13 is composed of a 

spherical roller 29, a supporting member 30 for rotat 
ably supporting the spherical member 29, and a slider 31 
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6 
with which the spherical roller 29 is rotatably engaged, 
as shown in FIG. 10. The supporting member 30 is fixed 
on the under surface of the mounting member 10, and 
the slider 31 is disposed on the upper surface of the base 
9 so as to be movable in the direction indicated by the 
arrow C. Accordingly, the second supporting portion 
makes the space between the base 9 and the mounting 
member 10 variable and, since the position at which the 
slider 31 engages the spherical roller 29 is freely 
changed, the second supporting portion 13 supports the 
mounting member 10 with respect to the base 10 so as to 
be movable in the direction indicated by the arrow D. 

Similarly to the second supporting portion 13, the 
third supporting portion 14 is composed of a spherical 
roller 32, a supporting member 33 for rotatably support 
ing the spherical member 32, and a slider 34 with which 
the spherical roller 32 is rotatably engaged. 
These three supporting portions 12, 13 and 14 are 

arranged so that an isosceles triangle is constituted with 
the first supporting portion 12 as the apex. The length of 
the base of the isosceles triangle, i.e., the distance be 
tween the second and third supporting portions 13, 14 is 
2 Y and the altitude of the isosceles triangle, i.e., the 
distance between the first supporting portion 12 and the 
line connecting the second and third supporting por 
tions 13, 14 is Xo. 
The surfaces of both sliders 31, 34 which engage the 

spherical rollers 29 and 32, respectively, have an incli 
nation of 15 degrees with respect to the respective 
bases. 
The second supporting portion 13 is provided with a 

space varying means 35 which is composed of a motor 
36 as a driving means, a screw rod 37, the driving shaft 
38 of the motor 36, a joint 39 for connecting the driving 
shaft 38 of the motor 36 and the screw rod 37, and a 
bush 40. The motor 36 is fixed to the base 9 and the 
screw rod 40 is screwed into the bush 40. The bush 40 
is fixed to the slider 31. 

Consequently, when the motor 36 is driven, the space 
varying means 35 can slide the slider 31 in the direction 
indicated by the arrow C. With the sliding motion of the 
slider 31, the supporting member 30 moves vertically, 
namely, in the direction indicated by the arrow D in 
FIG. 10, so that the distance between the base 9 and the 
mounting member 10 supported by the second support 
ing portion 13 is changed. 
A space varying means 41 of the third supporting 

portion 14 has the same structure. The space varying 
means 41 is composed of a motor 42, a screw rod 43, a 
driving shaft 44, a joint 45, and a bush 46. When the 
motor 42 is driven, the slider 34 is moved in the direc 
tion indicated by the arrow C, and the distance between 
the base 9 and the mounting member 10 supported by 
the second supporting portion 14 is changed. 

Each of the motors 36, 42 is composed of a stepper 
motor which makes one turn at 1,000 steps. Each of the 
screw rods 37, 43 is provided with threads with a pitch 
which moves the bush 40 (46) by 0.5 mm in the direc 
tion indicated by the arrow C when the screw rod 37 
(43) makes one turn. 
The control means of the levelling apparatus of this 

embodiment will now be explained. 
As shown in FIG. 11, a control means 50 is composed 

of a data memory 51 for temporarily storing the output 
of the detector 5, an average inclination angle calcula 
tor 52 for calculating the inclination angle of the object 
8 of measurement from the coordinates of the surface of 
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the object 8 which are stored in the data memory 51, a 
step angle calculator 53 for calculating the step angles 
of the motors 36 and 42 from the average inclination 
angle, a controller 54 and a driver 55 for controlling the 
driving of the motor 36 on the basis of the output of the 
step angle calculator 53, and a controller 56 and a driver 
57 for controlling the driving of the motor 42 on the 
basis of the output of the step angle calculator 53. 
The control means 50 is synthetically controlled by a 

system controller 58. 
The operation of the levelling apparatus of this em 

bodiment having the above-described structure will 
now be explained. 

In FIG. 1, the operator operates an operation/display 
panel 60 of the surface roughness tester 1 so as to set the 
operation conditions for the surface roughness tester 1, 
for example, measuring range, sampling pitch, measur 
ing length and operation interval. 
The operator then turns on the autolevelling selection 

key by operating the operation/display panel 60. 
The preparatory measuring conditions are then set 

for automatically correcting the inclination (attitude 
control) of the mounting member 10 mounting the ob 
ject 8 of measurement thereon in accordance with the 
control by the system controller 58. 
The inclination (attitude) of the object 8 of measure 

ment placed on the levelling apparatus 7 is measured by 
the surface roughness tester 1. 
The surface roughness tester 1 obtains the coordi 

nates of the surface of the object 8 at least three points 
which are not on the same straight line by at least two 
operations at different positions in the measuring plane 
(upper surface) of the object 8. The average plane of the 
measuring plane is obtained on the basis of the thus 
obtained coordinates of at least three points. 
The inclination of the mounting member 10 is cor 

rected so that the measuring plane of the object 8 is 
constantly horizontal. 

It is not by using the data obtained through a filter or 
the like for removing a sway component but by using 
the real data which are supplied from the detector 5 that 
the surface roughness is measured for the purpose of 
correction of the inclination (attitude control) of the 
mounting member 10. 
The preparatory measurement is carried out in the 

following manner. 
In FIG. 11, the system controller 58 operates a Z 

direction controller 61 and a motor driver 62 so as to 
lower the detector 5 until the stylus at the tip of the 
detector 5 comes into contact with the object 8 of mea 
Surement. 

The system controller 58 then causes the detector 5 to 
scan the surface of the object 8 in the direction of X 
through an X-direction controller 63 and a motor driver 
64 so as to detect the coordinates of the surface at the 
current Y-axis position. 
The system controller 58 then operates a Y-direction 

controller 65 and a motor driver 66 so as to move the 
slider 6 by a distance Dy. The detector 5 scans the 
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surface of the object 8 so as to detect the coordinates of 60 
the surface at a new Y-axis position. Similar operations 
are repeated N times and the coordinates of the surface 
are stored in the data memory 51. 
The greater the number N of scans, the greater is the 

amount of data on the coordinates of the surface and the 
more accurate the levelling becomes. 
The average inclination angle calculator 52 obtains 

the average plane of the measuring plane of the object 8 

65 

8 
of measurement from the plurality of data on the coor 
dinates of the surface which are stored in the data mem 
ory 51 as discrete data, and calculates the inclination 
angle of the object 8. 
As described above, the inclination angle of the aver 

age plane is calculated as the direction cosine vector 
(Ao, uo, vo) of the mounting member 10, and the step 
angle calculator 53 calculates the step angle of the mo 
tors 36, 42 which correspond to the distances AZ and 
AZ of movement of the supporting portions 13 and 14, 
respectively, so that the direction cosine vector (A, u, v) 
of the average plane is changed into (0, 0, 1). 
The system controller 58 then raises the detector 5 

from the object 8 of measurement by, for example, 10 
mm through a Z-direction controller 61 and a motor 
driver 62. 
The system controller 58 drives the motors 36 and 42 

in accordance with the results of calculation of the step 
angle calculator 53 through the controllers 54, 56 and 
the drivers 55, 57. 
As a result, the space varying means 35 and 41 slide 

the sliders 31 and 34, respectively, in the direction indi 
cated by the arrow C by predetermined distances. With 
these sliding operations, the spherical rollers 29 and 32 
which engage the sliders 31 and 34, respectively, move 
in the direction indicated by the arrow D by predeter 
mined distances, thereby changing the distances be 
tween the base 9 and the mounting member 10 at the 
positions at which the mounting member 10 is sup 
ported by the second and third supporting portions 13 
and 14, respectively. On the other hand, the distance 
between the base 9 and the mounting member 10 is kept 
constant at the position at which the mounting member 
10 is supported by the first supporting portion 12. 
By changing the supporting state of the mounting 

member 10 by the three supporting portions 12, 13 and 
14 in this way, the inclination of the mounting member 
10 with respect to the base 9 is corrected (the attitude is 
controlled) and the measuring plane of the object 8 of 
measurement is levelled (the attitude is controlled). 
By repeating the levelling operation plural times, 

more accurate levelling (attitude control) is enabled. 
During the operation of the levelling apparatus 7, 

when the space varying means 35 and 41 are driven, the 
force for rotating the mounting member 10 around the 
X-axis, Y-axis and Z-axis on the basis of the difference in 
the amount of driving between the space varying means 
35 and 41 acts on the supporting members 21 and 22 of 
the first supporting portion 12. The supporting mem 
bers 21 and 22 receive this force and rotate the rotary 
member 20 in the directions of A and B around the two 
axes of the rotary member 20 with respect to the sup 
porting members 23 and 24, which are fixed on the base 
9. 
However, since the rotary member 20 is rotatably 

supported by the supporting members 23 and 24, which 
are fixed on the base 9, the rotary member 20 does not 
rotate in the direction indicated by the arrow E in the 
plane which is parallel to the base 9. Accordingly, nei 
ther the supporting members 21, 22, which support the 
rotary member 20, nor the mounting member 10 rotate 
in the direction of E. In other words, the base 9 does not 
rotate around the Z-axis with respect to the mounting 
member 10. 
As a result, even if the inclination of the mounting 

member 10 with respect to the base 9 is corrected (the 
attitude is controlled), the position of the object 8 of 
measurement placed on the mounting member 10 is not 
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changed with respect to the surface roughness tester 1 
except for the attitude control. 
As described above, according to the surface rough 

ness tester 1 using the levelling apparatus 7 of this em 
bodiment, automatic and accurate levelling of the sur 
face to be measured is enabled and, hence, the accurate 
measurement of the three-dimensional surface rough 
ness of the object 8 of measurement is enabled. 
Another embodiment of a levelling apparatus accord 

ing to the present invention will be explained with refer 
ence to FIGS. 12 to 14. The elements which correspond 
to the elements in the first embodiment are indicated by 
the same numerals prefixed by the numeral 1 (in the case 
of two figures) or 10 (in the case of one figure) and 
explanation thereof will be omitted. 
A levelling apparatus 107 has the same structure as 

the levelling apparatus 7 of the first embodiment except 
for a first supporting portion 112. 
The first supporting portion 112 of the levelling appa 

ratus 107 of this embodiment is composed of an engag 
ing portion 170, a regulating plate 171, a rod member 
172, a holding member 173, and two pairs of balls 174, 
175 and 176, 177, as shown in FIG. 13. 
The engaging member 170 is fixed to the back surface 

of the mounting member 110 by screws (not shown). 
The engaging member 170 is provided at the bottom 
portion with recessed portions (not shown) for receiv 
ing the balls 174, 175, a groove portion 178a and a fe 
male screw portion (not shown) into which the rod 
portion 172 is screwed. 
The holding member 173 is fixed on the upper surface 

of the base 9 by screws. The holding member 173 is 
provided with a groove portion 178b for receiving the 
ball 176, a recessed portion 179 for receiving the ball 
177 and a through hole 180 through which the rod 
member 172 penetrates. 
The regulating plate 171 is provided with two holes 

181, 182 which have a larger diameter on the upper 
surface of the regulating plate 171 than the diameter on 
the lower surface thereof, and two holes 183 and 184 
which have a smaller diameter on the upper surfaces of 
the regulating plate 171 than the diameter on the lower 
surface thereof. The balls 174 and 175 are engaged with 
the holes 181 and 182, respectively, from the upward 
side but do not pass through the respective holes. On 
the other hand, the balls 176 and 177 are engaged with 
the holes 183 and 184, respectively, from the downward 
side but do not pass through the respective holes. At the 
center of the regulating plate 171 is provided a through 
hole 185 through which the rod member 172 penetrates. 
The rod member 172 is inserted into a coil spring 186 

and screwed into the female screw portion of the engag 
ing member 170 through the through hole 180 of the 
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holding member 173 and the through hole 185 of the 
regulating plate 171. Therefore, the positions of the 
balls 174, 175, 176 and 177 are rotatably regulated by 
the hole 181 of the regulating plate 171 and the recessed 
portion of the engaging member 170, the hole 182 of the 
regulating plate 171 and the groove portion 178a of the 
engaging member 170, the hole 183 of the regulating 
plate 171 and the groove portion 178b of the holding 
member 17, and the hole 184 of the regulating plate 171 
and the recessed portion 179 of the holding member 
173, respectively. The coil spring 186 applies a preload 
to the rod member 172. 
The supporting portion 112 having the abovede 

scribed structure supports the mounting member 110 
with respect to the base 109 in the same way as the first 
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supporting portion 12 shown in FIG. 8 so as to be rotat 
able around the common axis of the balls 174 and 175 (in 
the direction indicated by the arrow A) and around the 
common axis of the balls 176 and 177 (in the direction 
indicated by the arrow B). 

Since the positions of the balls 174 to 177 are regu 
lated, the mounting member 110 does not rotate around 
the rod member 172 with respect to the base 109. 

In FIG. 8, the rotary member 20 of the levelling 
apparatus 7 is composed of two rods having the same 
diameter and orthogonal to each other. Alternatively, 
the rotary member 20 may be constituted by a combina 
tion of two rods having different diameters or by a pair 
of rods arranged so as to be orthogonal to each other 
through an intermediate member. 
As described above, according to these embodiments, 

three supporting portions are arranged between the 
base and the mounting member. Two of the three sup 
porting portions make the space between the base and 
the mounting plate variable and the other supporting 
portion 112 makes the base and the mounting member 
relatively rotatable around the axes which do not coin 
cide with the line connecting two portions for support 
ing the base and the mounting member and which are 
orthogonal to each other. As a result, when the inclina 
tion of the mounting member is corrected (attitude is 
controlled) with respect to the base, the base and the 
mounting member do not relatively rotate around the 
lines connecting two portions for supporting the base 
and the mounting member. 
While there has been described what are at present 

considered to be preferred embodiments of the inven 
tion, it will be understood that various modifications 
may be made thereto, and it is intended that the ap 
pended claims cover all such modifications as fall 
within the true spirit and scope of the invention. 
What is claimed is: 
1. A levelling apparatus comprising: 
a mounting member for mounting an object thereon; 
a supporting means for supporting said mounting 
member in such a manner as to have a variable 
inclination with respect to a base, wherein said 
supporting means includes three supporting por 
tions which are disposed between said base and 
said mounting member and not on the same straight 
line; 

a first supporting portion supporting said base and 
said mounting member with a substantially con 
stant space therebetween and allowing the spatial 
rotation of said mounting member without rotation 
around an axis which is vertical to said base; and 

second and third supporting portions supporting said 
base and said mounting member with a variable 
space therebetween; and 

a control means for obtaining the average plane of a 
surface of said object placed on said mounting 
member from the coordinates of at least three 
points in a specified area of the object which are 
not on the same straight line and for issuing signals 
to said supporting means to control said average 
plane so as to have a desired attitude. 

2. A levelling apparatus according to claim 1, 
wherein said second and third supporting portions are 
disposed at the vertices of the base of an isosceles trian 
gle with said first supporting portion as the apex; and 

said control means obtains the displacement AZ of 
the space between said base and said mounting 
member at said second supporting portion and the 
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displacement AZ of the space between said base 
and said mounting member at said third supporting 
portion from the following equations: 

wherein (N, u, v) represents the direction cosine vector 
of the average plane of said object placed on said 
mounting member, X the distance of the perpendicular 
between said first supporting portion and the straight 
line connecting said second and third supporting por 
tions, and Y half the distance between said second 
supporting portion and said third supporting portion. 

3. A levelling apparatus according to claim 1, 
wherein said first supporting portion of said supporting 
means is provided with two pairs of balls which provide 
rotation of the mounting member about only two re 
spective axes, which axes do not coincide with a line 
connecting the second or third supporting portions for 
supporting said base and said mounting member and the 
first supporting portion and which axes are orthogonal 
to each other. 

4. A levelling apparatus according to claim 1, 
wherein said first supporting portion of said supporting 
means is provided with two pairs of axial bodies which 
provide rotation of the mounting member about only 
two respective axes, which axes do not coincide with a 
line connecting the second or third supporting portions 
for supporting said base and said mounting member and 
the first supporting portion and which axes are orthogo 
nal to each other. 
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5. A levelling method comprising: 
an average plane detecting step for detecting the 

average plane of an object placed on a mounting 
member; and 

a position controlling step for controlling supporting 
means for supporting the mounting member so that 
the direction cosine vector of the average plane is 
coincident with a desired cosine vector, wherein 
said supporting means includes first, second and 
third supporting portions; 

said second and third supporting portions are dis 
posed at the vertices of the base of an isosceles 
triangle with said first supporting portion as the 
apex; and 

said control means obtains the displacement AZ of 
the space between said base and said mounting 
member at said second supporting portion and the 
displacement AZ of the space between said base 
and said mounting member at said third supporting 
portion from the following equations: 

wherein (, , v) represents the direction cosine 
vector of the average plane of said object placed on 
said mounting member, X the distance of the per 
pendicular between said first supporting portion 
and the straight line connecting said second and 
third supporting portions, and Yohalf the distance 
between said second supporting portion and said 
third supporting portion. 


